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Guinea pigs could be strongly sensitized to methyl , ethyl. and n-butyl methacrylates in 
ethanol or olive oil by the topical route. or in saline by the intradermal route. For elicitation 
of skin reactions. topical challenge with the compounds in olive oil or intradermal challenge 
with saline as the solvent was necessary. Topical challenge with the methacrylates in 
ethanol failed to e licit any allergic skin reactions because of their volatility. All sensitized 
animals responded strongly not only t.o the inducing methacrylate but also to t he other 
methacrylates. showing that mutual cross-sensitivity had occurred. Since methyl methacry-
late has been reported to be a potent sensitizer in humans. t.he guinea-pig model described 
here may be useful for screening products before marketing. 
Acrylic resins have come into widespread use in 
industriaL medical. and cosmetic products such as 
Plexiglas. dental plates. surgical prostheses. con-
tact lenses. and artificial finger nails, and as coat-
ings for texti le fibers, glass, and rubber 11-8]. The 
most commonly used industr ial acrylic monomers 
a re the methyl. ethyl. and n-butyl esters ofmetha-
cryl ic acid. These compounds are readily trans-
formed into polymeric resins by light. heat. oxy-
gen. and oxygen-yielding compounds 15). 
These monomeric forms have been found to be 
toxic to animals. and the use of acrylic bone ce-
ment during prosthetic hip surgery in humans has 
caused severe hypotension followed by cardiac ar-
rest 15-J 61. The widespread use of these esters and 
their resins for medical and dental prostheses and 
cosmetic purposes has caused allergic dermatitis 
or stomatitis among industrial workers. surgeons. 
dentists. dental technicians. and patients. as well 
as in persons who have used these resin products 
for cosmetic and household purposes 11-3.7-221. 
One of the most commonly used starting materials 
has been the methyl methacrylate monomer. and 
the allergic contact dermatitis that may occur 
after use of its resins seems to be caused by the 
monomer itself or possibly by unreacted and 
trapped oligomers that are released from the resin 
after prolonged use 11-3.8.17-22]. 
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Thus. the allergic potential of methyl methacry-
late has been well established in humans. How-
ever. allergic reactions due to ethyl and n-butyl 
methacrylates have not been well documented. 
Studies on the sensitization potentials of these 
three methacrylates in guinea pigs have been very 
rare or nonexistent. The main purpose of this re-
port is to establish the guinea pig as an animal 
model for the human sensitizer methvl methacrv-
late and to determine the sensitizati~n potentia.ls 
and cross-sensitivity of ethyl and n-butyl metha-
cr~·lates . 
MATERIALS AXD METHODS 
Mal~. Hartley. albino guinea pigs. weighing 300 to 
400 gm. or both males and females of the English short-
hair strain. weighmg 450 to 550 gm. were used. They 
were fed Guinea Pig Chow obta1ned from the Ralston 
Purina Company , St. Louis. Mo. 
Methyl methacrylate was obtained from Rohm and 
Haas Co .. Philadelphia. Pa .. and ethyl and n-butyl 
methacrdates were obtained from Pfalr.z and Bauer. 
Inc .. Fl~shing. N. Y. These products appeared to be 
pure and in the monomeric form when analyzed by gas-
liquid chromatography. as shown by the single sharp 
symmetrical peaks after injection of each chemical. 
Freund's complete adjuvant containing heat-killed 
M\'cobaclc>rium but\'m·um <MBl !Difco Laboratories. 
Detroit. Mich. J was. diluted to 250 J.l.g dry weight per ml 
with Freund·s mcomplete adjuvant. Each guinea pig 
received l 00 JJ.g of MB in the four foot pads in a volume 
of0.4 ml (Q.l ml per foot padl. Within 4 hr after injec-
tion of the adjuvant. 0.2 ml ofE'ach methacrylate in 9511f-
ethanol at concentrations ranging from 2.5 to lO'k (v/v J 
was t.apical1y applied in the closely clipped nuchal area 
for the initial induction. This procedure. without the 
adjuvanL was repeated twice more during the initial 5-
day immunization period. Control animals received 
only the adjuvant. 
Challenges were made at various intervals (Tabs. 1-
Vl and the cumulative amount given before each chal-
lenge was considered to be the immunization dose. 
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TABLE I. Elicitation of skin reactions at the first topical (top .) challenge with methacrylate& in two different solvents 
All animals including controls received 100 J.Lg of adjuvant (beat-killed Mycobacterium butyricum in oil) in the 
four foot pads on day 0. Groups 1-3 and fr-7 received three topical applications of the respective allergen (or 
immunogen) on days 0, 2, and 5. Group 5 received in addition one id injection of methyl methacrylate in saline on 
day 0. The first challenge was made on day 25. The skin reactions were read at 24, 48, and 72 hr after the challenge. 
GroupS received one topical application of the immunogen in ethanol on day 25 (as the control) and was challenged 
on day 60. Group 9 received one id injection of the immunogen in saline on day 25 and was challenged on day 60. 
Groups 10 and 11 received one application of the respective immunogen on day 60 (as controls) and were challenged 
on day 95 (a rest period of 5 weeks for groups 8-11). 
Immunization Skin reactions at 72 hr afl.er challenge 
concentration of: 
Group Challenge Methacry· No. of solvent 5% 2% 
late Amount Solvent applies- Route 
monomer (mll tions FR• FR!b All' FR• FRI• All ' 
1 Methyl 0.06 Ethanol 3 top. Ethanol 0/25 0 0 0/25 0 0 
2 Methyl 0.03 Ethanol 3 top. Ethanol 0/24 0 0 0/24 0 0 
3 Methyl 0.012 Ethanol 3 top. Ethanol 0/25 0 0 0/25 0 0 
5 Methyl 0.03 Ethanol 3 top. 
and 
0.0005 Saline 1 id Ethanol 0/10 0 0 0/10 0 0 
8 Methyl 0.0077 Ethanol 1 top. Olive oil 13/13 100 92 13/13 100 92 
9 Methyl 0.000324 Saline 1 id Olive oil 8/8 100 82 8/8 100 83 
6 Ethyl 0.03 Ethanol 3 top. Ethanol 0/25 0 0 0/25 0 0 
10 Ethyl 0.0077 Olive oil 1 top. Olive oil 9/9 100 100 9/9 100 100 
7 BuLyl 0.03 Ethanol 3 top. Ethanol 0/19 0 0 0/19 0 0 
11 Butyl 0.0077 Olive oil top. Olive oil 9/9 100 96 9/9 100 96 
" Fractional response <FR): Number of positive animals/total number of animals used. 
b Fractional response index <FRI>: [ (FR of treated - FR of controlsl/ (1 - FR of controls)] x 100. 
,. Average imensity index (Ail): l lAI of treated - Al of controls)/(6 - AI of controls)] x 100. Al <Average 
intensity) = Sum of the numerical scores of skin reactions/Total number of animals used. 
TABLE II. Elicitation of skin reactions at the first td challenge with methyl methacrylate in saline" 
Immunization Skin reactions at 48 hr after id challenge concentrations of: 
Group Methacrylate Amount No. of 0 1 I-ll/site 0.01 I-ll/site Route applies· monomer em/) twns FR FRl All FR FRI All 
4 Methyl 0.0005 id 1 2/10 JO 19 4/20 15 15 
5 Methyl 0.0005 id 1 
and 
0.03 top. 3 1/10 10 0 1110 10 17 
" Groups 4 and 5 received one injection of methyl methacrylate in saline on day 0, and group 5 received three 
topical applications as mentioned in Table I. For rating systems and symbols or abbreviations. see footnotes to 
Table I. 
Methacrylates were administered in a volume of 0.05 
mJ in 95~ ethanol or olive oil for topical challenge or 0.1 
ml in saline for intradermal Cidl challenge at the con-
centrations shown in the Tables. Control animals were 
challenged by exactly the same procedure as the treated 
animals. 
Skin reactions were read at 24. 48, 72, 96. and 144 or 
168 hr after the challenge and were rated from 0 to 6 
according to the intensity of erythema, as described 
earlier 123]. The procedure for handling the data is 
briefly given below: 
Skin reactions having ratings of 3 or higher were 
arbitrarily considered positive, and those having rat-
ings of 2 or lower were considered negative. Fractional 
response CFR) is the number of positive animals as 
related to the total number of animals used. Fractional 
response index (FRJ) is the ratio of the net FR to the net 
maximum FR and is expressed in percent: 
FRI = FR of treated - FR of controls x 1 OO 1 - FR of controls 
The average intensity !AI) of the skin erythema is the 
ratio of the sum of the numerical scores to the total 
number of animals per challenge concentration. Simi-
larly. average (erythema) intensity index (Ail\ can be 
calculated as the ratio (in percent) of the net AI of 
treated animals to the net maximum average intensity 
of erythema reaction under the particular challenge 
condit ions: 
All = AI of treated - Al of controls x 100 6 - AI of controls 
The control values do not have to be zero. but when they 
are, FR1 or Ail becomes FR or AI; these latter terms 
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TABLE ill. Elicitation of skin reactions at the second id or topical challenge with methacrylates" 
Skin reactions at 24 h.r after id Skin reactions at 48 h.r Immunization 
challenge dose of: after topical challenge dose of lOCk in olive oil 
Group 
Methacrylate 0. J ~I/ site 0.01 ~1/site 
monomer Amount ( ml)" Solvent FRI All FRJ All FRJ All 
1 Methyl 0.0677 Ethanol 45 33 45 33 90 40 
2 Methyl 0.0377 Ethanol 0 0 0 3 90 47 
3 Methyl 0.0197 Ethanol 0 1 0 3 61 38 
4 Methyl 0.000534 Saline 42 18 33 17 ND' ND 
5 Methyl 0.03 Ethanol 
and 
0.0377 Saline 0 0 0 0 88 44 
8 Methyl 0.0151 Olive oil ND ND ND ND 90" 60rl 
6 Ethyl 0.0377 Ethanol 0 0 0 0 100 65 
10 Ethyl 0.0151 Olive oil ND ND ND ND 100<1 86" 
7 Butyl 0.0377 Ethanol 0 0 0 0 88 58 
38" 10' 54' 10' 
11 Butyl 0.0151 Olive oil ND ND ND ND 100'' 70'' 
• Groups 1-7 were challenged on day 60, groups 10 and 11 on day 95, and group 8 on day 122. For rating systems 
and symbols or abbreviations, see footnotes to Table J. 
• Cumulative amount. 
,. ND = Not done. 
" Skin reactions with 5% challenge concentration in olive oil. 
• SlUn reactions at 48 hr. 
TABLE IV. Skin sensitization reaction at the third topical 
challenge in olive oil<~ 
Skin reactions CAIIJ aL 72 hr 
Immunization, after topical challenge at a 
Group methacrylate concentration of: 
monomer 0.4~ in 2'k in olive oil 
olive oil 
1 Meth.vl 81 83 
2 Methyl 90 88 
3 Methyl 97 99 
4 Methvl 88 88 
5 Methyl 95 95 
6 Ethyl 91 83 
7 Butyl 93'' 93 
" All animals were challenged on day 122 for the 
third time. For rating systems and symbols or abbrevi-
ations, see footnotes to Table I. 
h Five percent in olive oil . 
have been used conventionally in clinical fields to avoid 
false positive values when rigid controls are not used. 
However , false negative values may result when the 
challenge concentrations are not optimal or are too low. 
RESULTS 
When the treated and control animals were 
challenged topically with the inducing agent at 5 
or 2% in 95% ethanol (v/v). no skin reactions were 
observed because of the rapid evaporation ofmeth-
acrylates from the skin suriace, regardless of the 
inducing agent, concentration, or route of immu-
nization (groups 1-3 and 5-7 in Table 1). As shown 
in Table ll, the animals immunized by the id rou te 
or by id plus topical routes had very weak or 
TABLE V. Mutual cross-scnsitiuit,Y of methyl , ethyl , and 
butyl methacrylates in olive oil" 
Immuni- Skin reactions <AIIJ at 12 hr 
zation, Chal- after topical challenge with: lenge Group methac- concen- Methyl Ethyl Butyl 
rylate tration met hac- methac- methac-monomer 
rylate rylate rylate 
1 Methyl 1 99 99 ND 
2 Methyl l 100 ND 100 
3 Methyl 0.4 100 100 ND 
4 Methyl 0.4 100 ND 100 
5 Methyl 0.2 100 100 ND 
8 Methyl 0.2 100 ND 100 
6 Ethyl 100 100 ND 
6 + 10h Ethyl ND 98 98 
7 Butyl 1 98 ND 98 
7 ..... 11 b Butyl 1 ND 100 100 
" All animals were challenged for the second or 
fourth time with the immunogen and a cross-reacting 
substance. Some groups were mixed to have a suitable 
number of animals for a meaningful cross-sensitivity. 
For rating systems and symbols or abbreviations, see 
footnotes to Tables I and ill. 
b Second challenge. 
negligible s kin reactions after id challenge with 
methyl methacrylate. However , all animals chal-
lenged with methacrylates in olive oil showed 
strong positive reactions regardless of the route of 
immunization, immunogen dose, or identity of the 
monomer (groups 8-11 in Table D. When approxi-
mately half of the animals in groups 1-3 and 5-7 
and all animals of group 4 were challenged for the 
second time via the id route with the immunogen 
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in saline. only groups 1. 4. and 7 showed any 
indication of sensitization. as seen in Table ill. 
When the methacrylates (5 or 10%) in olive oil 
were used for the second challenge. all groups 0-
3, 5-8, 10. and 11) had very strong positive reac-
tions (Tab. ill). Therefore, the challenge vehicle 
was important in eliciting the allergic reactions 
with these volatile compounds. 
Upon rechallenge with allergens in olive oil for 
the third and fourth times. all animals without 
exception showed a lmost maximal skin reactions; 
FRI and All values were 100 or near 100 (Tabs. IV 
and Vl. proving that these methacrylates are very 
strong sensitizers. as methyl methacrylate is re-
ported to be in humans. To check the mutua] cross-
sensitivity. animals sensitized with one methacry-
late were divided into two groups and each group 
was challenged with the inducer and one of thP 
other methacrylates in olive oil. Table V shows 
that in each group the cross-reacting substance 
caused skin rpactions as strong as t hose caused by 
the inducing sensitizer. indicating an equivalency 
in their elicitat ion potentials regardless of the in-
ducing methacrylate. FRI and Ali values of cross-
reactants were also I 00 or near 100. indicating 
that all the guinea pigs were highly sensitized. 
DISC'USSIQN 
Even though these rnethacrylates are strong 
sensitizers. topical challenge in ethanol did not 
elicit skin reactions, probably because of a high 
diffusion rate of the compound in the gaseous or 
liquid state through tissues and tissue fluids or a 
high volatility rate into the air from the skin 
surface. Because the methacrylates in olive oil 
have high partition coefficients and ideal solubil-
ity characteristics for skin penetration , enough of 
the compound penetrated into the skin to elicit an 
optimum allergic skin reaction after topical chal-
lenge 124]. This observation may indicate that 
clinical manifE>station of allergic reactions by 
these agents is very rare due to their volatility 
even though many people who have had contact 
with these agents have been sensitized 11-3.8.17-
22]. In a review. Klauder [8] reported that methyL 
ethyl. and other acrylates used to make Plexiglas 
are primary irritants in humans. and that one 
drop on the skin is enough to cause sensitization. 
Therefore. these methacrylates seem to be also 
highly sensitizing in humans. 
The data obtained with guinea pigs in the pres-
ent study corroborate the reports that methacry-
late monomers are very potent sensitizer s in hu-
mans [1-3]. This is another example that delayed 
hypersensitivity responses in humans and guinea 
pigs are very similar in intensity. frequency. and 
other characteristics 123.25-27]. 
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